Abstract One of the possible causes of dilated cardiomyopathy is considered to be a sequel to myocarditis. Two mechanisms have been proposed in the process of progression of myocarditis into dilated cardiomyopathy: one is a persistent viral infection, and the other is an autoimmune myocardial injury. To clarify the possible part played by the autoimmune mechanism in the process, using an animal model, we investigated whether autoimmune myocarditis, exclusively not related to viral infection, might develop into dilated cardiomyopathy. Experimental autoimmune myocarditis was elicited in Lewis rats by immunization with cardiac myosin fraction. Rats of the control group were immunized with ovalbumin. The clinical course was observed over 4 months. Six rats from the myosin-immunized group died during the acute phase and the healing phase, and all those rats had severe myocarditis. All rats that survived until the end of the study showed enlarged and discolored hearts. Aneurysmal changes were observed in the right ventricle during thoracotomy. The ratio of heart weight to body weight of the myosin-immunized group was significantly higher than that of the control group (3.36±0.49 versus 2.69+0.06 g/kg, respectively; P<.005). The lengths of the anterior interventricular fissure and the posterior interventricular fissure of the hearts of the myosin-immunized group were significantly longer than those of the control group. The external diameter of the left ventricle of the myosinimmunized group was also significantly larger than that of the control group. Diffuse myocardial muscle loss and replacement fibrosis were the prominent histological findings of the rats of the myosin-immunized group. Inflammatory cell infiltrations disappeared from the majority of the lesions, but focal accumulations of mononuclear cells were rarely detected in the periphery of the lesions. When rats were immunized again 4 months after the initial immunization, severe myocarditis recurred in all these rats. Autoimmune giant cell myocarditis in the rat was demonstrated to develop into recurrent forms of myocarditis and to lead to dilated cardiomyopathy. This is a new model for postmyocarditis dilated cardiomyopathy not related to viral infection. (Circ Res. 1994;75:278-284.) 
D ilated cardiomyopathy is a set of heterogeneous diseases of left ventricular dysfunction due to unknown etiology. There are a variety of clinical courses and pathological findings.12 One of the possible causes of dilated cardiomyopathy is considered to be a sequel to myocarditis.3,4 Two mechanisms by which myocarditis develops into dilated cardiomyopathy have been proposed: one is a persistent viral infection, and the other is a progressive autoimmune myocardial injury.5-9 Viral myocarditis has been extensively investigated by using murine models, and it has been reported that some models will develop into postmyocarditis dilateci cardiomyopathy in the chronic phase.10-12 However, definite discrimination between viral effects and autoimmune mechanisms is quite difficult in viral experimental models.13 '14 Lesions associated with viral infection reveal generally lymphocytic inflammation, and granulomatous inflammation may reflect a chronic immune reaction of the host. Human myocarditis can be classified into lymphocytic myocarditis and giant cell myocarditis according to the ©)1994 American Heart Association, Inc. histopathologic findings. Giant cell myocarditis was previously believed to be a rare and fatal disease of unknown etiology. Recently, it has been reported that giant cell myocarditis is more prevalent in human myocarditis than previously recognized. 15 From that report, left ventricular function of patients with lymphocytic myocarditis improved during long-term follow-up. On the other hand, progressive decline of the left ventricular systolic function was observed in patients with giant cell myocarditis. That observation may imply that giant cell myocarditis is more likely than lymphocytic myocarditis to progress into dilated cardiomyopathy.
Recently, unique forms of experimental autoimmune myocarditis have been established in mice and rats by immunization with cardiac myosin.16,'7 Cardiac myosininduced rat autoimmune myocarditis is characterized by extensive myocardial necrosis, congestive heart failure, and the appearance of multinucleated giant cells and is considered to represent some part of the pathogenesis of human giant cell myocarditis.'8 Myosin-induced myocarditis in the murine model and the rat model has been demonstrated to be a T cell-mediated autoimmune disease,1920 but the precise pathogenesis of the disease is not yet resolved.2'-23 These models are quite useful in the analysis of the mechanisms of autoimmune myocardial injury. [24] [25] [26] To clarify the role of autoimmunity in the process of progression of myocarditis into dilated cardiomyopathy, clinicopathological findings of rat experimental autoimmune myocarditis, which was exclusively not related to viral infection, was investigated in the chronic phase.
Materials and Methods

Animals
Lewis rats were purchased from Charles River Japan Inc, Atsugi, Kanagawa, Japan, and maintained under the specificpathogen-free condition at The Facilities for Comparative Medicine & Animal Experimentation, Niigata University School of Medicine.
Antigen
Purified cardiac myosin was used as the antigen. Cardiac myosin was prepared from the ventricular muscle of human hearts. The purification procedure has been previously described. 17 
Immunization
The antigen was dissolved in a solution of 0.3 mol/L KCl and 0.2 mol/L phosphate-buffered saline at a concentration of 10.0 mg/mL. Eight-week-old male rats were immunized with 1.0 mg cardiac myosin in an equal volume of Freund's complete adjuvant containing 6.0 mg/mL Mycobacterium tuberculosis (group A, n=17). Rats of the control group were immunized with 1.0 mg ovalbumin (OVA) in the same manner (group B, n= 12). Rats were immunized again after an interval of 7 days.
The morbidity of experimental autoimmune myocarditis was 100% in rats immunized when using this protocol. 20 
Experimental Period and Sampling
The clinical course was observed over 4 months, and then the rats were killed under ether anesthesia. Heart, lung, liver, and spleen weights were measured immediately after death. The ratios of organ weight (in grams) to body weight (in kilograms) were calculated.
Measurement of Heart Size
Heart size of each rat was evaluated by three scales measured after formalin fixation. The first was the length from the apex to the aortic root through the anterior interventricular fissure (anterior). The second was the length from the apex to the atrioventricular fissure through the posterior interventricular fissure (posterior). The third was the external short-axis diameter of the left ventricle (short axis).
Histopathology
Hearts were removed immediately after killing and fixed in 10% formalin. After 
Immunohistochemistry
Bound IgG in the heart was investigated by direct immunohistochemical staining using peroxidase-conjugated goat antirat IgG (Cappel). Sections taken at days 11, 21, 42, and 84 were cut in a cryostat from rat hearts of both the myosinimmunized group and the OVA-immunized group. The staining methods were previously described. 26 
Anti-Cardiac Myosin Antibodies
Anti-cardiac myosin antibodies in sera from rats of groups A and B were measured by using an enzyme-linked immunosorbent assay as previously described. 17 Circulating anti-cardiac myosin antibodies were also measured in rats that were immunized with cardiac myosin and killed on day 21 (n=5). The optical density values that were measured at a dilution of x 1000 of sera were compared.
Recurrence
The possibility of the recurrence of experimental autoimmune myocarditis was examined. Three groups of rats were immunized again with the same dosages of cardiac myosin after 1, 2, and 4 months from the initial immunization, respectively. The control group was immunized with OVA after 4 months. Pathological findings were investigated on day 21 after the second immunization.
Statistical Analysis
For comparison of mortality, Kaplan-Meier survival curves were calculated. Differences between the curves were analyzed by use of a generalized Wilcoxon's test. Other results were expressed as mean+1 SD. Student's t test was used for the comparison of the data. Differences were considered significant at P<.05.
Results
Clinical Course
Rats of the myosin-immunized group became ill and immobile at the third week, and then their activity gradually recovered beginning at the fifth week. Six rats (35%) of the myosin-immunized group died from day 19 to day 39 (Fig 1) . Four rats died during the acute phase, and two died during the healing phase. All hearts from these rats showed extensive myocardial necrosis.
Macroscopic Findings
At thoracotomy, some rats of the myosin-immunized group showed aneurysmal changes in the right ventricular outflow tract. There was no pericardial effusion in either group. The hearts of the rats of the myosinimmunized group were enlarged. Discolored (whitish) areas were diffusely scattered over the entire surface of their hearts. Both ventricles were dilated in the myosinimmunized group (Fig 2) . The left ventricular wall of the myosin-immunized rats was thinner than that of the control rats. The macroscopic appearance of the hearts of the rats in the control group was normal.
Organ Weights
The ratio of heart weight to body weight of the myosin-immunized group was significantly higher than Photograph shows gross pathology of a diseased rat heart (top) and a control rat heart (bottom). Both ventricles of the heart of a myosin-immunized rat were enlarged. Each section of the scale indicates 1.0 mm.
that of the control group (3.36±0.49 versus 2.69±0.06 g/kg, respectively; P<.005) (Fig 3) . There were no differences between the myosin-immunized and the control groups concerning the ratios of lung weight to body weight (3.56±0.24 versus 3.63±0.21 g/kg, respectively), liver weight to body weight (31.4±2.2 versus 30.8±1.4 g/kg, respectively), or spleen weight to body weight (2.34±0.78 versus 2.07±0.04 g/kg, respectively).
Heart Size
Macroscopically, the hearts of the rats of the myosinimmunized group were markedly enlarged. The length from apex to aortic root (anterior) of the myosinimmunized group was significantly longer than that of the control group (17.9±0.72 versus 16.2±0.63 mm, respectively; P<.001) (Fig 4) . The length of posterior interventricular fissure of the myosin-immunized group was also significantly longer than that of the control group (12.8+0.54 versus 11.9±0.52 mm, respectively; P<.001). Further, the short-axis external left ventricular diameter was significantly larger than that of the control The unique finding of the present study is that the initial myocarditis leading to dilated cardiomyopathy is a giant cell myocarditis and that this rat giant cell myocarditis is an autoimmune disease against cardiac myosin. The presence of circulating anti-heart antibodies in the sera of patients with dilated cardiomyopathy has been repeatedly reported, and evidence supports the hypothesis of autoimmune mechanisms in the pathogenesis of dilated cardiomyopathy.43-46 A recent study has revealed that major autoantigens in dilated cardiomyopathy are cardiac myosin heavy chain isoforms. 47 Therefore, the fact that cardiac myosin-induced autoimmune giant cell myocarditis leads to dilated cardiomyopathy may represent the situation for the human form of this disease.
Several possible mechanisms have been proposed in the process of the progression from myocarditis to dilated cardiomyopathy. The first is a persistent viral infection and metabolic disturbance of cardiomyocytes due to the existence or replication of viruses. The second is a persistent viral infection and antiviral immune response that is solely beneficial to the host but harmful to the organs lacking regenerative activity. The third is host-immune reactions against the viral antigen or self antigen mimicking the viral epitope after the clearance of viruses. The present study demonstrated for the first time that autoimmune myocarditis, exclusively not related to viral infection, might develop into dilated cardiomyopathy in the chronic phase. Recently, great attention has been focused on persistent viral infection,4849 but we suggest that autoimmune mechanisms should be considered in some patients with dilated cardiomyopathy. This new animal model may serve as a useful tool in the investigation of the pathogenesis of chronic inflammatory myocardial damage leading to dilated cardiomyopathy.
